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^ater  Pov/er. "Development  At  lov^.  Pall -3,  la. 

Io\^  Falls  is  a  tovm  of  3500  in  Hardin  Countj^  lo^^- on 
the  Dluff 3  of  the  lo'^^'a  River,   The  town  gets  its  name  from 
a  succession  cf  rapids  and  srcall  falls  in  the  river,  which 
at  this  point  cuts  its  "ray  tlirough  inter=stratif ied  sand- 
stone anrl  limestone  iticlined  in  an  opposite  direction  to 
the  flo-r  of  the  stream.  As  a  result  of  this  cutting,,  the 
river  flo^.^'s  svlftly  and  v'ith  a  fall  of  fifty  feet  het'P'een 
Gv.riously  carved  rock  "bluffs  thirty  to  eighty  feet  high  for 
a  distance  of  four  rdles.   The  "beauty  of  the  scenery,  good 
hoating  and  fishin:--:,  hrin-s  annually  a  large  nurriber  of  vis- 
itors to  the  Ghautauoua  Assemblies  and  other  gatherings  in 
the  par>3  on  either  side  of  the  river. 

A  demand  for  a  large  air.ount  of  po-rer  in  excess  of  that 

ordin?rilT  furnis'-ied  to  a  tC'T:  of  the  same  si-e,  has  heen 

ma.de  for  the  operation  of  li-hts  through  the  Chautauqua 

grounds  an-  in  fxe   various  pleasure  parks,  vhich  line  the 

river  hanks  on  either  side.   This  dems.nd  has  "been  partly 

met  x-.-ith  hy  the  local  electrio  lif^ht  plant,  which  having  a 

monopoly  of  the  field , charged  a  high  rate  for  the  service; 

and, the  plant  being  over-loaded,  hreakdc'Tis  are  frequent, 

and  the  service  of  the  poorest  quality.   The  construction 

of  a  local  and  inter-urhan  trolley  line  is  planned,  vhich 

gives  a  market  for  a  large  amount  of  -no-rer.   Another  raar- 

\/,ket  is  the  new  shops,  whiich  the  Illinois  Central  I^ailroad 
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plans  "building  at  tMs  point. 

The  object  of  this  Thesis  is  the  profitable  develop- 
ment of  the  a-vailable  vra-ter   po-^er  at  loT^a  i'alls.  A  sniall 
fraction  of  the  po^'er  is  developed  by  a  fourteen  foot  log 
dam  built  in  1857.   This  old  dam  gives  a  ten  foot  head  un- 
der favorable  conditions  of  moderately'-  lov  v^reuter ,   and  fur- 
nishes pcTi^er  to  run  a  flour  mill.   It  leaks  a  large  amount 
of  v.B.ter  and  requires  costly  repairs  annually.   The  comers 
have  decided  to  abandon  the  mill,  and  enter  u.pon  the  con- 
struction of  a  much  larger  dam  farther  do^n  strear-,-  -wliere 
additional  fall  c3n  be  obtained,  and  mth  the  T-a,ter  power 
obtained,  operate  a  hydro-electric  plant.   It  is  with  the 
design  and  construction  of  this  project,  that  •^"e  wish  to 
confine  ourselves. 

The  site  of  the  proposed  imrjrovement  is  at  a  point 
just  above  the  Illinois  Central  Railroad  Co?npany's  bridge,, 
one-half  mile  below  the  old  darr,  and  one-fourth  mile  above 
the  foot  'of  the  rapids.  After  running  a  set  of  levels  from 
the  lower  to  the  upper  end  of  the  rapids,  and  making  a  sta- 
dia- survey  of  the  vicinity  of  the  lower  end,  soundings  were 
taken  doini  to  the  rock  surf  ?ce  ,bym-eans  of  a  oteel  rod  forc- 
ed d0T"n  by  hand  or  driven  by  a  maul,  along  the  length  of  the 
dam  snd  power-bouse  site.   Prom  this  data  a  map  snd.   profile 
of  the  site  were  dravTi, 

This  site  was  chosen  for  several  reasons:  A  point  far- 
ther down  stream  would  cause  the  river  to  bsck  up  Rock  Run 
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Canon,  and  flood  a  portion  of  the  tovii.  The  p:orge  of  f-e 
river  ia  narroirest  at  this  point  lessening  the  len.p-th  of 
emhan^'Kiiient  to  be  huilt.  The  rapids  belo^  the  d?m  fall  ten 
feet  in  one-fourth  mile;  and  thj.s  slope  t^lll  cause  the  wat- 
er in  the  tail-raee  to  flow  a-p^ay  rery  rapidly.  The  rail- 
road being  close  at  hand,  ma.terial  can  he  unloaded  within 
reach  of  the  cahleways  and  derricks  on  the  work. 

A  solid  masonry  dam  with  the  power-hoT3.se  at  the  south 
end  of  it  -was  at  first  contemplated.   The  stone  •wb.b   to  he 
hauled  to  the  work  from  the  quarry  of  the  Ellsworth  Stone 
Co.  three-fourths  of  a  mile  down  the  river  over  a  small 
track  to  he  built  along  the  nort'-i  sice  of  the  stream..   The 
plan  -vrBs   changed  after  a  study  of  the  foundation  by  the  a- 
dcption  of  a  reinforced  concrete  daro, consisting  of  a  rein- 
forced sl3b  supported  by  concrete:  buttresses,  in  place  of 
a  solid  dam.   A  good  quality  of  crus'iecl  limestone  csn  he 
obtained  at  the  SllsT'orth  nusrry,  3nd.   also  at  the  Barber 
Asphalt  Paving  Co's.  quarry  across  the  river  from.  it. 

The  foui:dation  is  of  very  hard  sandstone  of  a  kind 
used  as  building  stone  and  dips  at  a  six  per-cent  slope  in; 
an  opposite  direction  to  the  river  flow.   This  is  bared  at 
the  center  of  tVie  stream,  but  covered  with  earth  and  rotten 
rock  near  the  ed£:e3.   The  profile  shows  the  rock  surface 
very  nearly  level.   At  the  north  end  of  the  dam,  is  an  over- 
hanging cliff;  and  at  the  other  end  the  rock  surface  is  in- 
clined upward  with  about  half  the  inclinatio.'i  of  the  sur- 
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face  slope.   At  this  end  is  to  "be  tlie  pover  "house;  and  tlie 
roel-r  Is  to  "be  excavated  to  the  general  level  of  the  river 
for  the  tail  races. 

The  type  of  dam  is  ^iBiilar  to  that  "ds tented  and  "built 
"by  Messrs.  AirODursen  &  Sayles  Co.  ;  and  con^iists  of  a  sloping 
upstream:  face  or  deck  with  a  slope  of  one  to  one  supported 
on  concrete  "buttresses,  eleven  feet  center  to  cerxter.   The 
deck  is  a  continuous  reinforced  concrete  slab  designed  to 
support  ths  weight  o-""  the  water.   The  resultant  of  the  wat- 
er pressure  cuts  the  base  at  a  point  eight  feet  fro-:n  the 
crest  on  the  upstream  side,  or  at  a  point  four  feet  from 
the  center  of  t'ne  length  of  a  buttres-,- afid  on  the  upstream 
side  of  the  center,  making  the  dam  safe  against  overturn- 
ing ?.nd  sliding. 

As  the  rock  excavation  for  a  separate  spillr3.y  would 
require  too  large  an  outlay  of  capitr-1,  the  dair  is  design- 
ed as  an  ovcr-^low  dajn.   The  dam  is  thirty-five  feet  hJ.gh; 
and  a  direct  fall  of  th^t  distance  would  soon  scour  even 
the  liardest  nandstone  and  undermine  the  toe  of  the  struct- 
ure; so,  a  curved  do\"n  stream  face  vlth  a  v^lde  apron  de- 
livering the  water  parallel  to  the  river  bed  was  adopted. 

This  form  of  over  flow  will  allow  t'le  large  masses  of 
ice,  which  are  dangerous  to  direct  fall  types  of  over- 
flow dams,  to  safely  pass  the  structure.   A  vacuum  is  form- 
ed between  the  dam  and  the  stream  passing  down  the  ciirv- 
ed  face,  v-hich  causes  a  trembling  of  the-  stru-cture.  T"hi3 


5 

tre-iiiblin.2;  is  stopped  by  admittin.-r  air,  and  destroying  the 
vacuur:,  t>irou,i?:h  pipes  from  the  in^iide  of  the  dam. 

It  is  planned  to  U3e  flashboards  durinp-  periods  of 
low  sta.'res  of  the  river  to  obtain  an  a.-ditional  hea.d  on 
the  turbines  a.nd  additional  pov-er.   They  are  held  in  place 
by  steel  rods  bent  over  a  the  top  and  fitted  in  pipe 
sleeves  in  the  oonorete.  An  elevated  -ralk  on  t'-^e  inside 
of  the  dam  givs  access  to  the  lo-^er  end  of  these  rods; 
and,,  ■•'-hen;  the  f lashboa.rd?'  are  to  be  released  in  flood 
periods,  ^oy   t'v^isting  the  rods  one-half  turn  they  can  be 
draYTi  dOTPn  releasing  the  boards  ^hich  float  a-^-ay. 

The  poT/er  house  fbri-ns  the  south  one-third  of     the 
dam;  and  contains  three  uni-*-.3, .  eacli  a   Six  hundred  K.W, 
direct  current  generator  driven  ''oy   t"^-o  "Samson"  turbines 
mounted  on  the  same  horizontal  shaft.  Between  the  poor- 
er house  and  shore,  and  also  between  the  north  end  of  the 
da^n  and  the  shore,  are  earth  embankments  crontaining  con- 
crete core-walls.   These  emba.nkments  are  to  be  constructed 
v'ith  a  slope  of  one  and  one-half  horizontal  to  one  verti**- 

Octl. 

A  oonorete  cut-off  -wall  five  feet  thick  and  extending 
six  feet  below  the  rook  surface  is  placer"!  at  the  heel  of  ~ 
of  the  dam,  and  extends  the  full  length  of  the  structure. 
Seepage  ■^>'ater  is  drained  from  under  the  dam  t'orough  the 
drains  under  the  apron.  Arched  openin^TS  throu"""-  the  butt- 
resses near  the  rock  surface  permits  the  free  circulation 
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of "water  about  under  the  dam. 

Estirnates  of  the  maximum  flood  and  the  minimum  dry- 
weather  x^low  are  ohtained  from  niscellanious  guap:ing3  kept 
at  the  old  mill.  "The  head  on  a  weir  one  hundred  and  fift:/ 
f 6et  Ion-?:  was  measured  hy  means  of  a  scale  immersed  with 
its  sero  on  the  same  level  as  the  crest  of  the  weir.  This 
guage  hag  "been  in  place  for  eleven  yea.rs;  and  on   checking 
it  with  level  and  red,  it  was  found  to  read  ahout  one-iialf 
inch  too  high.   The  data  obtained  was: 

JJIaximum  Head.  ilinimum  Head'^ 

6  feet.  1  foot. 

The  discharge,  as  calculated  from  the  fornuila, 
Qpl-Cs/Sk  H^  (CZ.7) 

JSaxiirrjun  Discha.rge.  Minimumi  Discharge. 

8242.0  Cu.  Pt.  Sec.  561.4  Cu.  Ft.  Sec. 

The  minimum  -"low  lasted  for  a  period  of  nine  dsys.   The 
minimum  flow  estiina^ted  for  the  development  of  po^^er  is  six 
hundred'  cuhic  feet  per  second,  as  there  is  sufficient  stor- 
bige  in  the  reservoir  to  provide  the  additional  ar:ount  with- 
out lo-^-ering  the  head  more  than  thre  ?  ^.ari    one-half  feet. 

The  dam  is  designed  to  sustain  a  head '.of  five  feet  up- 
on the  crest;  this  "being  the  head  required  to  produce  the 
ahovc  maximum  discharge  over  it.   The  pressure  against  the 
deck  acts  normal  to  it;  and  for  one  square  foot  o"  area  at 
a  depth  h  the  pressure  would  "be, 
Pr62.5h. 
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The  pre35uren  in  pounds  per  square  fdot  corresponding  to 
various  values  of  "h.  are  as  follows: 


'.n  Peet. 

] 

?   In  Lfes. 

h 

In  I'eet. 

p 

In  Lhs. 

5.0 

312.5 

25.0 

1562.5 

10.0 

625.0 

30.  0 

1875.0 

15.0 

937.5 

35.0 

2187.5 

20.0 

1250.0 

40.0 

2500.0 

>  values 

of 

P  are  the 

live 

load    vr..,_ 

the   si  ah     forin- 

ing  the  deck.   The  dead  load  producing  h ending;  is  equal  to 
ttie  freight  of  the  slab  multiplied  b/  the  sine  of  45. 

It  Tras  decided  to  desiprn  the  slah  as  hein-  continuous 
over  the  supports,  so  tl-mt  it  would  not  crack  at  these 
points.   The  theoretic  value  for  the  hendin-i:  moment  over 
the  support  of  a  "bea-ir.  f  i.7ced  at  the  supports  is 

axid  at  the  center  of  the  span 

Where 

1  the  length  of  the  span  in  inches, 
w  the  load  in  lhs.  per  inch  of  length, 
W  wl   the  lo3,''  over  the  whole  span 
As  is  seen,  the  ne?!:ative  moment  over  the  support  is  twice 
the  positive  monent ,  ano  therefor  determines  the  depth  of 
the  slah,  as  will  he  shown  later. 

After  tryin?  various  values  varying  from  8  to  15  feet 
for  the  rlistance  from  center  to  center  of  buttresses,  the 
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value  11  feet  was  nliosen  a??  the  most  economica.l  of  forms 
and  material.   Using  this  spacing  the  thickness  of  each  of 
the  "buttresses  'becOTnes  2   feet  6  inches  for  a  hearing  value 
of  10  tons  per  square  foot.   This  thickness  tapers  off  to 
2  feet  at  the  top. 

If  the  slab  \-ere  ':o  he  desirrned  as  a  simple  heam  the 
tending  moment  T^ould  he 

8    8 
where  the  notation  is  as  above  vith  the  exception  of  1, 

which  in  tliis  esse  is  2  feet  to  2  feet  6  inches  less  than 

the  1  for  the  continuous  heam. 

12        8   '  ■      8 

The  value  of  the  negative  moment  is  greater  tlia-n  the 

positive  moment  in  a  simple  heam  oi"  a.  length  equal  to  the 
distance  from  buttress  to  buttress;  and  therefor  deter- 
mines tr^  the  depth  of  the  slab. 

The  resisting  moment  of  the  heam  is  expressed  by  the 
equation  below  obtained  from  "Concrete  Plain  And  Reinforc- 
ed',' by  Taylor  and  Thompson. 


Or 


M  =  Kbd^ 
R 


In  which 

h  -^  "aeight   of  beam. 
b  s  breadth  of  beam. 
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p  =  ratio  of  cross-section  of  steel  to  cross-section  of 
"beam  above  center  of  gravity  of  steel, 

C  a  unit  pressure  in  outside  fiber  of  concrete, 

S  ;£   unit  tension  in  steel. 

r  -  — -S  z   ratio  of  moduli  of  elastioty  of  steel  t'o  concrete. 

Ms  moment  of  resistance. 

K  -  constant  for  a  given  steel  and.  a  given  concrete. 

For  a  value  of  15  for  r,  15000  f&r  S  and  500  for  C,  K 
has  a  value^  of '71.   Tliese  values  v^^ere  the  ones  used  in  cal- 
culating the  tMc?<nes3  of  the  slab  forming  the  dec]-:,  and  al- 
so the  foot  VTs/llc  under  the  dam. 

The  concrete  is  to  be  a- 1:2:4  mixture  in  the  deck,  over- 
fall and  core-walls  of '  e-nbanlonents,  and  a^  1:3:6  mixture  in 
the  buttresses,  retaining  -rails  and  power  house.   Crusher 
riin  linaefstone  not  larger  than  one  and  one-half  inch  size  for 
the  1:2:4  mixture-,  and  not  larger  than  four  inches  for  the 
1:3:6  mixture  is  to  he  used  with  sand  obtedned  at  a  bank  one 
mile  from  the  site^.   Concrete  rubble  can  be  usee  in  the  re- 
taining -Arails  laid  in  the  coarser  mixture;  and  it  is  plarmsd 
to  use  for  this  the  ro'ik  from  the  excavations  or.   the  site. 

Terapera-ture:  stresses  in  the  water  tight  deck  ?-nd  over- 
fall are  to  be  provided  for  b?/  making  the  top  and  bottom 
reinforcement  continuous,  the  steel  not  stressed  by  bending 
taking  the  temperature  stress,  there  being  a  sufficient  per- 
centage of  it  to  do  so  safely.   Rods  are  placed  about   all 
openings  to  prex'-ent  cracking  from  shrinkage  or  movements  "due 
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to  temperature  stresseti. 

The  select  ion  of  ttirbines  to  drive  the  generators  ^^as 
made  after  a  consideration  of  the  various   requirements  of' 
an  engine  driving  a-,  generator:   The  engine  must  give  a  con- 
stant speed  under  all  loads,  in  order  to  maintain  the  volt- 
age.  It  must  have  sufficient  po-.^er  to  provide  for  an  over- 
load upon  the  generators.  A  quick  acting  governor  is  nee- 
oessary  for  sudden  fluctuations  of  load.   The  efficiency 
should  he  the  greatest  at  or  near  the  norma.l  load  placed 
lip  0/1  it, 

A  discl'iarge  of  -00  cvOoic   feet  per  second  falling  30 
feet  gives  a  theoretical  Horse  Po-'J^er  of, 

QQQ  ^^'5  30  ^  20^    Horse  Po^.er. 
550 
In  electrical  unit  3  tliis  is^ 

,746  2045.5  =  1025,9  Kilowatts. 
A  "Samson"  turoine  gives  83,5^  efficiency  at  3/4  gate  op- 
ening; and  taking  the  efficiency  of  generators  and  penstocks 
as  each  98,0;^^,  the  developed  pover  is, 

1525.9  .33;:  .98  .98  =  1223.5  Kilo^-'^tts. 
Two  600  K.¥.  generators  are  sufficient;  "but  a  third  one  is 
to  he  installed  to  provide  for  hreakdowns  and  excessive  over 
loa-Ung  upon  the  others.  Sach  generator  is  capable  of  op- 
erating at  a  25)b  over-load  continuously  B.nd.   at  a  50^^^'  overload 
for  four  ho^irs  wi-fhout  over-heating. 

Two  40  inch  turoines  5 rive  each  generator.   At  full 
gate  opening  eac'n  developes  531  Horse  Power  using  11565  cu- 


11 

iDic  feet  per  minute;  and  at  3/4  gate  opening  eac-i  develop- 
es  400  Horse  Po^'^er  using  3675  cubic  feet  per  minute.   The 
speed  ranges  from  223  R.P.M.  at  full  gate  opening  to  205 
R.P.M,  at  3/4  gate  opening.   The  turbines  are  of  the  mixed 
flo^  type,  and  are  mounted  on  a  horisontal  shaft  15  feet  a- 
"bove  the  tail-water  level,  and  discharge  tlirough  a:  central 
draft  "/aoe,  T^hich  terminates  just  "belo"?^  the  level  of  the 
surface  of  the  tail-T^ater,   The  end  thjrusts  on  the  s:iaft 
are  opposed,  and  eaoh  neutralizes  the  other,  A  steel  cyl- 
inder flume  encases  the  turbines,  and  is  plaaed  at  the  end 
of  the  penstock. 

The  power  is  to  he  delivered  at  250  and  500  volts,  for 
light  and  -nower  respectively.  As  there  are  to  he  no  long 
transmission  lines,  high  voltages  and  an  elaborate  switch 
board  are  unneccessarj"-. 
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